| INTRODUC TI ON
Tetralogy of Fallot (TOF) is the most common cyanotic congenital heart disease (CHD). Although advances in the management of CHD have led to a remarkable improvement in the survival of patients with early repaired tetralogy of Fallot (rTOF), right ventricular (RV) dysfunction after surgery still leads to unfavorable outcomes over time.
1 Therefore, RV functional assessment in children with rTOF is of great clinical significance. It helps to judge the prognosis and to determine the optimal timing of the possible postoperative medication or second-time surgery for RV recovery.
2
The right ventricular ejection fraction (RVEF) measured by cardiac magnetic resonance (CMR) is considered as the gold standard for investigating right ventricular function. However, CMR is expensive, time-consuming and its clinical application is limited.
Echocardiography is noninvasive, easy to operate and widely available, but it remains challenging to quantify RV function of rTOF by conventional echocardiographic methods based on geometry.
The clinical and prognostic value of peak systolic longitudinal RV strain (RVLS) measured by speckle tracking echocardiography
(STE) has been demonstrated. 3, 4 However, routine single-view analysis can miss details in the diseased RV. 5, 6 Forsha et al 5 found that the repeatability of multi-view measured RVLS was acceptable, but reduced compared with single-view analysis. Recently, a novel and standard four-view approach overcame the problem of reduced repeatability by acquiring images with iRotate mode from one acoustic window based on specific anatomic landmarks. 7 It was found feasible in a cohort of healthy subjects and small groups of patients with RV pathology. 8 To our knowledge, no studies have investigated multiple-view RV systolic function of rTOF before. Therefore, this study aimed to examine the feasibility and accuracy of four-view RVLS analysis in children with rTOF.
| ME THODS

| Study population
We conducted a prospective study of 37 children with rTOF who had a CMR and an echocardiogram at Shanghai Children's Medical
Center from Feb 2017 to April 2018. Two patients with insufficient acoustic window and poor image quality were excluded.
There were 35 patients (21 males and 14 females) for final analysis. Children who underwent the surgery in our hospital at a mean age of 0.99 ± 0.77 years (range, 4 months-3 years) were studied at 7.68 ± 3.96 years (range, 1 year, and 2 months-15 years) after the procedure. All patients were treated with ventricular septal defect repair and transannular patch. 
| Two-dimensional echocardiographic image acquisition
Echocardiographic image acquisition was performed after CMR examination within 20 minutes. During the examinations, all of the children were kept at rest and quiet, and young children were sedated with chloral hydrate (50 mg/kg) or pentobarbital (3-5 mg/kg) by senior cardiac anesthesiologists if necessary. Heart rate, blood pressure, and oxygen saturation were obtained and remained stable during CMR and echocardiography examinations.
Children were scanned in the left lateral decubitus position.
Conventional echocardiographic measurements were performed by the EPIQ7C (Philips, Andover, MA, USA) or iE33 ultrasound machine (Philips Medical Systems, Best, the Netherlands) equipped with an S5-1 transducer and an X5-1 matrix-array transducer.
Four additional apical RV views were acquired in iRotate mode with an X5-1 transducer as stated in the previous study. 
| Fractional area change (FAC, %)
Fractional area change was calculated as (end-diastolic area − endsystolic area)/end-diastolic area × 100% in the focused 4C view.
| Tricuspid annular plane systolic excursion (TAPSE, mm)
Tricuspid annular plane systolic excursion was measured in M-mode of the focused 4C view at the level of the tricuspid annulus. 
| Tissue
| Cardiac magnetic resonance
Cardiac magnetic resonance studies were performed by a 1.5-T Nova dual scanner (Philips Medical Systems, Best, the Netherlands). 
| Statistical analysis
Continuous variables were expressed as mean ± standard deviation (SD). The data distribution were checked using histograms and the two-sided and a P < 0.05 was considered statistically significant.
| Reproducibility of multi-view strain measurements
To validate the reproducibility of the multi-view RVLS, intraobserver (over a delay of 1 month after the initial analysis) and inter-observer variability (assessed by a second observer) were assessed by calculating the intra-class correlation coefficient (ICC) 10 and the coefficient of variation (VC) 11 in a representative sample of subjects. 3 | RE SULT
| Basic data
Baseline demographics for all children are shown in Table 1 . There were no significant differences in age, BSA, and heart rate between the rTOF group and the control group (P > 0.05).
All patients were with severe pulmonary regurgitation (PR), defined as PR jet width/annulus ratio > 0.70 combined with diastolic flow reversal in the branch pulmonary arteries measured by 2DE.
12
Mean CMR-RVEF of patients was 52.46 ± 8.68% (range, 30.00%-65.00%), 7 with RVEF < 45%,11 with RVEF 45%-55%, and 17 with RVEF > 55%.
| Conventional echocardiographic parameters of RV systolic function
Children with rTOF had significantly lower TAPSE, TDI-S', and FAC compared with controls (Table 2) .
F I G U R E 2 Example of multi-view analysis of RVLS from one acoustic view in a normal 7-y-old girl. RVLS, peak systolic longitudinal RV strain
Fractional area change correlated with CMR-RVEF in children with rTOF (r = 0.607, P < 0.001). No statistically significant correlation was found between TAPSE, TDI-S', and CMR-RVEF (Table 3 ).
| Multi-view analysis of RVLS
Multi-view RVLS analysis was feasible in 35 children with rTOF and all the controls. Two patients with insufficient acoustic window and poor image quality were excluded because of persisted unsatisfactory endocardial tracing even with manual adjustment during strain analysis in the multi-view, especially in the CV view.
Measurements of RVLS by STE are shown in Table 2 . Compared with controls, RVLS of the anterior, lateral, inferior-a, and inferior-b walls were significantly reduced in children with rTOF (P < 0.001; Table 2 , Figures 2 and 3) .
The relationships between multi-view strain parameters and CMR-RVEF were shown in Table 3 
| D ISCUSS I ON
Accurate assessment of RV function is important for the management of children with rTOF. Through multi-view analysis with iRotate mode, our study showed that RVLS values of all the four views were reduced in children with rTOF compared to healthy controls. Previous studies reported that RVLS of the lateral wall in 4C view was reduced in rTOF children. 14 The reduction in RVLS was considered to be related to the RV dilatation and gradual formation of RV myocardial fibrosis in rTOF.
14 The multi-view reduction in RVLS was correspondent with the extension phenomenon of late gadolinium enhancement (LGE)
CMR that RV fibrosis was not only seen at surgical sites -the RVOT, but also in sites remote from RVOT which were vulnerable to ischemic insult. [15] [16] [17] Conventional 2DE allows evaluation of various RV abnormalities, but may not in the case of rTOF. 18 In the present study, TAPSE and TDI-S' were not correlated with CMR-RVEF in rTOF, in agreement with the prior studies. 19 This finding may be related to the fact that TAPSE and TDI-S' ignore the apex motion of RV when the apex remodeling is proposed in rTOF patients. 19 Thus, TAPSE and TDI-S'
could not be applied to evaluate RV function in children with rTOF. 
| Limitations
First, the size of our cohort was small. In further studies, we will increase the sample size, including those with pulmonary valvotomy or pulmonary valve replacement. Second, the anterior wall of the RVOT was omitted from 2DE multi-view analysis because the clear visualization was only possible in a small part of the controls and patients. The multiple-view RV analysis will be continuously focused and the anterior wall of the RVOT will be further studied. Third, poor outcomes caused by arrhythmia may be under-represented because of the selection bias of exclusion of patients with pacemakers due to CMR criteria.
| CON CLUS ION
Multi-view analysis of RVLS from single acoustic window is a novel and necessary tool to assess the RV function in children with rTOF. TA B L E 5 Inter-observer variability of RVLS measured by multi-view analysis from one acoustic window
